It has recently been shown elsewhere that the so-called blind angle ambiguity preventing moving target direction determination from synthetic aperture data can be solved using a single antenna. This paper addresses the design of the radiation antenna pattern leading to the best velocity estimates. Aiming at this goal, the Fisher information matrix for the unknown moving targets velocity parameters is computed as function of the antenna radiation pattern. The optimal antenna radiation pattern is then inferred.
INTRODUCTION
Detection, imaging, and trajectory parameter estimation of moving targets in SAR data is an active area of research. Several methods have been proposed to detect, image and estimate moving targets trajectory parameters in recent literature [l] , [2] , [3] , [4] , [5] , [SI. These works have not taken into account the antenna radiation pattern, which is equivalent to assuming a omnidirectional antenna pattern. In the case, it has been shown [2] that it not possible to determine the complete target velocity, but only its magnitude. This limitation has been termed the blind angle ambiguity.
In previous work [7] we showed that the returned echo from a moving target, in the slow-time frequency domain, is a scaled and shifted replica of the antenna radiation pattern, immersed in noise. The scale is proportional to the target cross-range velocity and the shift is proportional the target range speed. A Bayesian approach was then 'This work was supported by Portuguese PRAXIS XXI program,under project 2/2.1.TIT/1580/95. adopted in 171 to derive an optimal estimator of the velocity parameters using a single SAR sensor.
In this work we determine the Fisher information matrix for the unknown moving targets trajectory parameters as function of the antenna radiation pattern. The goal is to infer the antenna radiation pattern shape leading to the best target parameters estimates; i.e., we want to find the antenna radiation pattern that minimizes the Cramer-Rao Lower Bound (CRLB) of each velocity parameter. This paper is organized as follows. The next section establishes the signal model and notation. The information matrix, as function of the antenna radiation pattern, for the unknown moving targets velocity parameters is derived in Section 3. Section 4 presents simulation results highlighting the advantage of the optimal solution over common antenna radiation pattern shapes.
SIGNAL MODEL
Consider the SAR geometry sketched in Fig. 1 . The radar platform travels at speed wr in the navigation direction and has an antenna radiation pattern a. Consider a single moving target with constant complex reflectivity vector (p,, b, ) denotes the target relative velocity with respect to the radar. The ground nth static target has complex reflectivity fn and coordinates (zn,gn). When the radar is positioned at the coordinate y = U , the corresponding received signal in the slow-time frequency domain k, and the fast-time frequency domain w , after quadrature demodulation, is (see [7] for details)
f n e -j m z n e -j k u e n , (1) The first term on the right hand side of equation (1) is due to the moving target, and the remaining terms are due to the static ground. The reflectivity of all targets is assumed to be independent of the aspect angle. Vector Bo E (0,l) is the velocity vector of a static target.
After pulse compression and phase compensation for the term due to the moving target (assuming am, Xm, and Y, known), in the fast-time spatial domain, the received echo is
f n R p ( X -x n ) e n where the Fresnel approximation, i.e. A(k,,,0 ). Let us assume that the parameter 0 is known. In this case only the noise term in the expression (2) is random. Assuming that the number of static scatterers is large, none is predominant, and that they are uniformly distributed within a wavelength, then the complex noise term 
ANTENNA RADIATION PATTERN DESIGN
In this section we compute the Fisher information matrix elements as function of the antenna radiation pattern shape. The goal is to infer the antenna radiation pattern shape leading to the best target parameters'estimates; i.e., we want to find the antenna radiation pattern that minimizes the Cramer-Rao Lower Bound (CRLB) of each velocity parameter.
Information Matrix Computation
The elements of the Fisher information matrix for a circular complex Gaussian process are given by [lo] i, j = 1,2.
(4) 0 The element I22 is affected by a quadratic factor centered on k p m . This factor enhances the first derivative by a factor proportional to its distance from the central frequency; therefore, the higher IAi(0) I at limit of its bandwidth the higher 122.
Based on this results we anticipate that Gaussian shaped radiation patterns provide worse CRLB than triangular shaped patterns. A trapezoidal shape should exhibit better results than the other two, since it has higher derivative values at it's extremes. 
EVALUATION
We now compute the CRLB of the azimuthal and range speeds for Gaussian, triangular and trapezoidal shaped antenna radiation patterns. Table 1 shows the parameters used.
Figures 2 and 3 plot the square root of CRLB for the range speed and azimuthal speed for the considered shapes versus the superposition ( K , -kpmI/Ka, where K , is the -3 dB antenna bandwidth. The label trapemid(x) refers to a trapezoid with top length 1 -x of the base length.
As expected, the trapezoidal shape performs better followed by the triangular and by the Gaussian shapes. Notice that the Gaussian shape is near one order of magnitude worse than the remaining antenna radiation patterns.
Figures 4 and 5 plot sample variances of the target velocity estimator developed in [7] . These experimental results are in agreement with those plotted in Figs 2 and 3, confirming the advantages of using antenna radiation patterns exhibiting high derivatives at their band extremes.
CONCLUDING REMARKS
Based on results recently published elsewhere, we computed the Fisher information matrix for moving targets velocity parameters in synthetic aperture radar applications. Based on the structure of the Fisher information matrix elements, we concluded that the higher the derivative of the antenna radiation pattern at its band extremes the better. Basically, rectangular shapes are much better than Gaussian shapes. This conclusion was confirmed with simulation results. For example a triangular shape lead to variances roughly 100 times lower than a Gaussian shape. ter estimation versus ground-return superposition.
